Mental flexibility is a core property of cognitive executive functions, relying on an extended frontoparietal network in the brain. fMRI research comparing typically developing children and adults has found that children from an early age recruit the same "classic" brain areas associated with mental flexibility as adults; however, there is evidence that the timing of activation may be different. To investigate the temporal dynamics of brain activity associated with mental flexibility in children, we recruited 22 typically developing children (8-15 years) to complete a set-shifting task in the MEG. Our results showed that while the children relied on the same frontoparietal network of mental flexibility, there was a different emphasis on active brain regions, with children preferentially using their posterior parietal cortices. Additional areas such as the temporal pole and the premotor areas were also recruited, potentially playing a supporting role. Although children shared the same window of peak activity as adults, 75-350 ms, we found a significant decrease in activation latency with increasing age, suggesting the presence of developmental differences in timing of brain activity in areas supporting mental flexibility during childhood.
Introduction
Mental flexibility represents the executive ability to continuously alter and update cognitive and behavioural outputs in response to environmental changes, allowing one to effectively interact with, and adapt to one's surroundings (Armbruster, Ueltzhöffer, Basten, & Fiebach, 2012; Dajani & Uddin, 2015) . Prior research has established the neural correlates of mental flexibility in healthy adults (Armbruster et al., 2012; Dajani & Uddin, 2015; Ezekiel, Bosma, & Morton, 2013; Kim, Cilles, Johnson, & Gold, 2012; Oh, Vidal, Taylor, & Pang, 2014; Rubia et al., 2006; Wendelken, Munakata, Baym, Souza, & Bunge, 2012) . However, less is known about this executive function in children. Given the disruption of mental flexibility in various mental illnesses (Airaksinen, Larsson, Lundberg, & Forsell, 2004; Cavedini, Zorzi, Piccinni, Cavallini, & Bellodi, 2010; Tchanturia et al., 2012; Waltz, 2016) and developmental disorders (Anderson, 2002; Dajani & Uddin, 2015; Ozonoff & Jensen, 1999; Shin et al., 2008) , expanding our knowledge of the neurodevelopmental processes involved in mental flexibility may allow us to better understand the mechanisms when these processes go awry.
Various executive functions work in concert to achieve cognitive flexibility, including salience detection and attention, working memory, inhibition and switching (Dajani & Uddin, 2015) . The first step in this cognitive process involves salience detection, followed by directed attention towards a change or novel feature in the environment. This change functions as a cue which calls on working memory to select an appropriate response, as well as on inhibitory processes to stop or adjust ongoing behaviour (Dajani & Uddin, 2015) . There are various neuropsychological methods by which to assess mental flexibility, including the Wisconsin Card Sorting Task (WCST; Berg, 1948; Grant & Berg, 1948 ) and different types of task-switching or set-shifting exercises. The main shared feature across all these tests is a 'switching' component, between sets of responses or tasks, which allows for the behavioural assessment of cognitive flexibility skills (Dajani & Uddin, 2015) . More specifically, task-switching requires switching between different tasks in response to a contextual cue (e.g., sorting stimuli from small to large in response to one cue, and doing the opposite in response to another cue type). In contrast, set-shifting represents a less complex test of mental flexibility, and refers to a task with multiple sets of responses, all fulfilling a singular task instruction. The task will invoke shifts, requiring different response sets to be used (e.g., matching stimuli based on the features of the stimuli). These types of tasks are often also used to investigate various degrees of cognitive control, a related albeit more complex feature of executive function, encompassing the ability for goal-directed, pro-active and flexible behaviour (Koechlin, Ody, & Kouneiher, 2003; Miller, 2000; Munakata, Snyder, & Chatham, 2012) . Dajani and Uddin (2015) reviewed the brain areas implicated in cognitive flexibility in adults, and identified multiple key hubs, all associated with the above executive subcomponents of cognitive flexibility. Based on these findings they concluded that mental flexibility in typical adults involves a network of active hubs, mainly spanning the frontal and parietal regions; these include the dorsolateral prefrontal cortex (DLPFC), ventrolateral prefrontal cortex (VLPFC), inferior frontal gyrus (IFG), as well as both inferior and superior parietal lobules (IPL and SPL). The anterior insula (AI) and anterior cingulate cortex (ACC) additionally play an important role (Dajani & Uddin, 2015; Kim et al., 2012; Niendam et al., 2012) .
Although the proposed frontoparietal network underpinning cognitive flexibility in adults seems robust, the question remains how this network develops during childhood. As an executive function, and thus heavily reliant on the prefrontal regions, cognitive flexibility develops through childhood, into adolescence (Anderson, 2002; Cragg & Nation, 2009; Dajani & Uddin, 2015; Dick, 2014) . Behaviourally, children attain mature set-shifting capabilities by the age of eight years (Dick, 2014) , with more general mental flexibility abilities peaking around 10-12 years (Anderson, 2002; Chelune & Baer, 1986; Dick, 2014) . Functional MRI (fMRI) studies have examined the neural bases of cognitive flexibility in children compared to adults and reported that while there are potentially some differences in the extent of activation seen in specific frontoparietal hubs, with adults showing increased and more focal activation compared to children in certain studies (Casey et al., 2004; Crone, Donohue, Honomichl, Wendelken, & Bunge, 2006; Crone, Zanolie, Leijenhorst, Westenberg, & Rombouts, 2008; Dajani & Uddin, 2015; Morton, Bosma, & Ansari, 2009; Rubia et al., 2006) , children aged eight years and above already recruit the same core areas as adults (Houdé, Rossi, Lubin, & Joliot, 2010; Wendelken et al., 2012) . In addition to the core hubs of mental flexibility, some studies have found that children may also rely on the support of additional regions, such as visual and temporal areas (Ezekiel et al., 2013; Rubia et al., 2006) .
The specific temporal dynamics of mental flexibility in children are still unclear. Using fMRI, Wendelken et al. (2012) found that while children and adults utilized the same cognitive network of "classic" regions when completing a task of mental flexibility; however, there was a significant difference in the temporal activity profile of the DLPFC, with children displaying delays in the updating of rule representations in these regions. This finding hints at the possibility that the timing of activation within the network plays a crucial role in differentiating the brain activation patterns associated with mental flexibility in children from adults (Ezekiel et al., 2013; Rubia et al., 2006; Wendelken et al., 2012) .
To date, fMRI has been the method of choice with which to explore the neural correlates of cognitive flexibility in children. While fMRI is a powerful functional neuroimaging tool for spatial localization of brain activity, its temporal resolution is not as well suited for capturing fastpaced cognitive processes. Magnetoencephalography (MEG) is a functional neuroimaging method with excellent temporal (to the millisecond) and good spatial resolution (Hari & Salmelin, 2012 Oh et al., 2014; Pang et al., 2014; Taylor, Donner, & Pang, 2012) . This precedence makes it an optimal technique with which to explore spatial-temporal brain activity in children.
To determine the temporal dynamics of the brain activity underlying mental flexibility in a developmental population, we recruited typically developing children to complete a set-shifting task while in the MEG scanner. We hypothesized that children would recruit the same classic mental flexibility areas as adults, with additional regions playing a supporting role. Additionally, we expected children to display a different temporal activation profile, potentially slower and more protracted than what is seen in adults.
Materials and methods

Participants and neuropsychological assessments
Twenty-two children participated in this study; demographic information can be found in Table 1 . Children were recruited through flyers posted at the Hospital for Sick Children and Holland-Bloorview Kids Rehabilitation Hospital. An initial phone call was used to screen for exclusion criteria which included a history of learning disabilities, head trauma, premature birth, neurological/neurodevelopmental and/ or psychiatric disorders, as well as standard exclusion criteria for MR/ MEG imaging. All children had normal, or corrected-to-normal, vision. The study was conducted at the Hospital for Sick Children (SickKids) in Toronto and the test protocol was approved by the SickKids Research Ethics Board (REB). Informed written consent was obtained from all the parents and informed verbal assent from the children.
Set-shifting task and stimuli
We used a version of the Intra-Extra Dimensional Set Shift (IED) task (Fig. 1) , previously adapted for MEG by our group at SickKids (Oh et al., 2014) . Participants were presented with three stimuli, two in the top half of the frame and one below. The instructions were to match the bottom stimulus with one of two top ones. The stimuli either matched based on shape or colour, and only one answer per trial was correct. The stimuli appeared in 6 different shapes (circle, star, diamond, triangle, pentagon, cross), and 6 different colours (cyan, yellow, magenta, red, green, blue), combined for a total of 36 different stimuli (6 shapes * 6 colours). The task was self-paced (with each trial's length a maximum of 4 s), and advanced by button-press as the participants indicated their answers, using a button box inside the MEG. Children were instructed to press the left button when they believed the bottom imaged matched the top left one, and similarly press the right button when the bottom image matched the top right one. A fixation cross appeared between trials and the inter-stimulus interval (ISI) was randomized between 1.0 and 1.5 s. The trials were organized into sets, with each set consisting of a minimum of 3 to a maximum of 8 trials. Each set started with a shift trial, followed by multiple repeat, or NonShift trials.
There were two types of shifts: Easy and Hard (Fig. 1) . The EasyShift trials were intra-dimensional (ID), where the change in matching pattern stayed within the same dimension of either shape or colour, therefore upholding a colour-to-colour or shape-to-shape match. In contrast, the Hard-Shift trials were extra-dimensional shifts (ED), involving a shift in dimension, where there was a colour-to-shape or shape-to-colour shift. Non-Shift trials were trials where there was no rule change, maintaining the same matching-rule as the preceding shift trial. The entire set-shifting task had 50 Easy-Shift, 50 Hard-Shift and 100 Non-Shift trials. The task was presented using a back-projection screen, located 68 cm from participants' eyes in the MEG; the stimuli spanned 13°of arc (6.5°each side of the central fixation). Participants practiced the task outside the scanner until they understood the instructions and performed it with high accuracy.
MEG and MRI acquisition
MEG data were recorded continuously in a 151-channel system (CTF Omega, MEG International Services Ltd., Coquitlam, Canada), with a sampling rate of 600 Hz, 0-100 Hz band pass, and third-order spatial gradient noise cancellation. Participants were tested in a supine position with fiducials placed on the nasion, and left and right pre-auricular points to allow for continuous head-position monitoring. Additionally, structural MRI data were acquired for each child on a 3T Siemens Trio MR scanner (MAGNETOM Tim Trio, Siemens AG, Erlangen, Germany), using a 12-channel head coil (T1-weighted 3D-sagittal MRPRAGE, TR/ TE/FA = 2300 ms/2.96 ms/90°, GRAPPA = 2; FOV = 28.8 × 19.2 cm, 240 × 256 matrix, 192 slices, slice thickness = 1.0 mm isotropic voxels). Radiological markers were placed on the same locations as the fiducials (nasion and pre-auricular points) before the MRI scan, allowing for co-registration of MEG and MRI data. This provided a neuroanatomical underlay for the MEG data.
Behavioural analyses
Both accuracy and reaction time (for correct trials only) were measured for Easy-Shift, Hard-Shift and Non-Shift trials; these values were compared using a repeated measures ANCOVA in SPSS®, with repeated measures for shift type (Easy-Shift, Hard-Shift and Non-Shift), and age as a covariate. Additionally, we correlated age with reaction time and accuracy.
MEG analyses
We conducted our MEG analyses in MATLAB R2015a (MathWorks, Sherborn, MA) using SPM12 (Wellcome Trust Centre for Neuroimaging, London: http://www.fil.ion.ucl.ac.uk/spm) and FieldTrip (Oostenveld, Fries, Maris, & Schoffelen, 2010) software packages. The data were sorted into three types of trials: Non-Shift (the first non-shift trial following a shift), Easy-Shift, and Hard-Shift. The continuous MEG data were filtered using a Butterworth Bandpass Filter (1-50 Hz), and epoched from 500 ms pre-stimulus onset to 1500 ms post-stimulus. Trials with head motion greater than five mm within that trial, and greater than one cm between trials were rejected. Independent component analysis (ICA; Delorme & Makeig, 2004; Kovacevic & McIntosh, 2007) in FieldTrip (Oostenveld et al., 2010) was applied on each subject's data to remove trials with heartbeat and eye-blink artefacts (to a maximum of three components). Data with activity surpassing a 2500fT threshold were rejected due to artefact. Retained trails (a median of 94, 46 and 43 trails for the Non-Shift, Easy-Shift and Hard-Shift trial types respectively; there were no statistically significant differences between trial types in terms of the number of removed trials) were averaged by each of the three types separately. Data were visually inspected and compared between conditions by plotting the root-mean-square (RMS) of the activity across all channels and within frontal and parietal regions in each hemisphere.
Based on the RMS plots, we focused our analyses between 50 and 500 ms. Empirical Bayesian Beamforming (EBB; Friston, Henson, Phillips, & Mattout, 2006; Mattout, Phillips, Penny, Rugg, & Friston, 2006) was used for source reconstruction with time windows of 100 ms, sliding over 50 ms, from 50 ms post-stimulus onset to 500 ms post-stimulus (e.g., 50-150 ms, 100-200 ms, etc.). There was a total of eight time windows of interest. The data were smoothed using a Gaussian kernel of 12 mm full-width at half maximum. Statistics were applied to the source reconstructed data. Using a factorial design (Penny, Holmes, & Friston, 2003) we created image contrasts to investigate the effects of shift type within subjects: Easy-Shift > Non-Shift, HardShift > Non-Shift, Easy-Shift > Hard-Shift and Hard-Shift > EasyShift. Two-sample dependent t-tests [SPM(T)] were used to test the significance of activity within each contrast. We applied a Bonferroni correction to account for multiple comparisons, adjusting our p-value by the number of independent components identified by ICA, giving a corrected p-value < .005 corr . Source activity was rendered onto 3D-brain templates using MRIcron (Rorden, Karnath, & Bonilha, 2007) . Using the contrast outputs, the coordinates of voxels showing significant activity differences were obtained, and the time courses of activation at these voxels re-constructed (termed 'virtual sensors'; Robinson, 1989) . As a post-hoc assessment, we applied a running Wilcoxon signed-rank test to compare the power associated with different shift types at each time point, within the coordinates of interest.
Developmental analyses
Finally, we extracted peak latency values from 50 to 500 ms poststimulus onset in regions of interest [ROI; coordinates obtained from Automated Anatomical Labeling (AAL) Atlas (Tzourio-Mazoyer et al., 2002) ], as identified in the literature to be involved in set-shifting, and correlated these with age to investigate potential age-effects implicated in the task. These ROIs were bilateral, comprising of the superior frontal gyrus (dorsolateral, medial and orbital parts), middle frontal gyrus (dorsolateral, medial orbital, and orbital parts), inferior frontal gyrus (opercular, triangular and orbital parts), insula, anterior cingulum, superior parietal lobule, inferior parietal lobule, supramarginal gyrus, angular gyrus and precuneus.
Results
Behavioural results
Accuracy
The mean accuracy scores (not adjusted for age) for Non-Shift, EasyShift and Hard-Shift conditions are represented in Table 2 . Mauchly's Fig. 1 . MEG-compatible IED set-shifting task. Easy-Shift trials involved intra-dimensional shifts, where the matching-criterion changed within the same dimension (either shape or colour). Hard-Shifts were extra-dimensional, and therefore the matching-rule changed dimension, from shape to colour, or vice versa.
test of sphericity was significant [χ 2 (2) = 11.501, p = .003]; thus, Greenhouse-Geisser corrections were applied. After correction, there was a within-subjects main effect for "Shift Type" [F(1.375, 27.508) = 8.788, p = .003] as well as a significant Shift Type * Age interaction [F(1.375, 27.508) = 4.268, p = .037] (Fig. S.1 , Supplemental Materials). After adjusting for age, the within-subject contrasts revealed a significant negative linear trend for shift type [F(1, 20) = 6.771, p = .017]. Post-hoc pairwise comparisons, after Bonferroni correction, revealed that the age-adjusted accuracy scores per trial type (Non-Shift, Easy-Shift, Hard-Shift) were all statistically different from each other [Non-Shift > Easy-Shift: p = .002; Non-Shift > Hard-Shift: p < .001; and Easy-Shift > Hard-Shift: p = .001]. Age on its own was not found to be a statistically significant covariate between-subjects [F (1, 20) = 3.184, p = .09]. There were no significant relations between accuracy and age across the various shift types.
Reaction time
The average reaction times (not adjusted for age) for Non-Shift, Easy-Shift and Hard-Shift trials are shown in Table 2 . There was no significant within-subjects main effect for "Shift (Fig. 2) . Fig. 3 shows the RMS activation plots for the Easy-Shift and HardShift conditions. These reveal two peaks, from 75 to 150 ms, and 150 to 350 ms, which provide the basis for our selection of sliding overlapping time windows for source analysis. Further, as is evident from this plot, no differences were observed between the Hard and Easy shift conditions; thus, the subsequent analyses focus only on the Hard-Shift condition. As the Hard-Shift trials are the more challenging trials in terms of mental flexibility, we reasoned that restricting our focus to this condition would be of greater interest to our investigation.
MEG results
Sensor level analyses: RMS plots
3.2.2. Source level analyses: hard-shift vs. non-shift Fig. 4 summarizes the timing and regions that were significantly activated in the Hard-Shift condition. The Hard-Shift > Non-Shift contrast revealed a pattern dominated by bilateral prefrontal and parietal activity. Specifically, significant activity (p < .005 corr ) related to the Hard-Shift condition was found in both superior and inferior right parietal regions (R-BA 7, R-BA 40) starting in the 50-150 ms time window and extending until 200 ms post-stimulus onset, coming back online between 350 and 500 ms. The left parietal regions (L-BA 39) were active between 300 and 450 ms with little overlap with the right homologous regions. In the right hemisphere, the prefrontal association cortex (R-BA 9, R-BA 47, R-BA 10) was active early, starting in the 100-200 ms time window with sustained activity until 350 ms poststimulus. In contrast, on the left side, the prefrontal areas (L-BA 47, L-BA 46, L-BA 10) came online later, with sustained activity from 200 to 450 ms. In conjunction with frontoparietal hubs, activity was found in the left insula from 350 to 450 ms. Finally, bilateral supplementary and premotor cortices (R-BA 6, L-BA 6), Broca's area (L-BA 44), the right posterior cingulate cortex (PCC; R-BA 31), and the left temporal pole (TP; L-BA 38) additionally played a significant role in the task. The motor regions showed early sustained activity until 350 ms post-stimulus onset, with Broca's area interspersed on the left side in the 100-200 ms, and 250-350 ms time frames. The right PCC (R-BA 31) briefly came online between 150-300 ms, followed by the left TP from 200 to 350 ms post-stimulus. Table 3 provides the key areas and their associated activation times. Fig. 5 shows the reconstructed time courses for key brain regions active during the Hard-Shift condition. In all regions, time windows with significantly greater activation for shifting are noted.
ROI vs. age analyses: hard-shift condition
We extracted peak latency values of classic mental flexibility hubs for the Hard-Shift condition (see Fig. 5 ), and plotted these against age. Only one relation was significant: the left supramarginal gyrus (SMG) showed a negative correlation between peak latency and age [R = −0.554, N = 22, p = .007] (Fig. 6 ).
Discussion
This study investigated the temporal and spatial brain dynamics underlying mental flexibility in typically developing children. We found children aged 8-15 years recruit similar frontoparietal and insular areas as reported in adults while completing a set-shifting task, with additional support from other brain regions. These findings are largely congruent with previous fMRI studies comparing the neurofunctional basis of mental flexibility in children and adults (Casey et al., 2004; Dajani & Uddin, 2015; Morton et al., 2009; Rubia et al., 2006; Wendelken et al., 2012) . Our results are also consistent with adult MEG papers, where set-shifting processes were shown to be driven by sources in bilateral frontal-parietal regions (da Costa et al., 2015; Oh et al., 2014) .
The high temporal resolution of MEG allows the determination of timing of activity in critical brain regions. Based on both adult MEG research (Oh et al., 2014) and our findings in children, we demonstrate that maximal brain activity associated with mental flexibility in neurotypical individuals occurs in the 75-350 ms time range. Our data add to the literature by demonstrating that, in children, the activation profile is dominated by early and late parietal activity, with sustained bilateral prefrontal activity in-between. It is important to note that while the same regions are used, the children seem to use them differently. Our findings suggest that, for set-shifting, children preferentially use their parietal lobes, which contrasts with what has been demonstrated in adult MEG papers, where the emphasis lies more on prefrontal regions (da Costa et al., 2015; Oh et al., 2014) . This finding is concordant with fMRI studies which have shown that children may initially rely more on the posterior association cortices for cognitive Fig. 3 . Root-Mean-Square (RMS) activity plot, over time. RMS-activity for both Easy and Hard conditions demonstrating overlap with no observable difference in activity. The shading represents the 95% confidence intervals. Fig. 4 . Spatiotemporal activity profile for Hard-Shift condition: Hard-Shift > Non-Shift contrast, p = .005 corr . The data suggest early right parietal activation until 200ms post-stimulus, and then again bilaterally from 300 to 500ms. The prefrontal regions were active between the parietal activity, with sustained activity from 100 to 450 ms in both hemispheres. The left insula was active between 350 and 450 ms. Additional active regions were in the temporal and premotor areas. function (Bunge, Dudukovic, Thomason, Vaidya, & Gabrieli, 2002; Casey, Galvan, & Hare, 2005; Crone et al., 2008; Rubia et al., 2006) . As the prefrontal regions, including the connections to these areas, continue maturing up until early adulthood, it is possible that the earliermaturing posterior parietal association cortices, play a more dominant role in cognition in earlier stages of development (Bunge et al., 2002; Casey et al., 2005; Crone et al., 2008; Rubia et al., 2006; Sowell et al., 2003) .
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In addition to the core brain areas, we found activity in the left TP (L-BA 38), Broca's area (L-BA 44), the pre-and supplementary motor areas (BA 6), and the right PCC (R-BA 31) between 100 and 350 ms post-stimulus onset. These areas have not been reported in adult fMRI or MEG studies, and thus likely are specific to mental flexibility in childhood, possibly used as support for the successful execution of cognitive function. Previous fMRI studies on childhood mental flexibility have also found evidence of reliance on additional brain regions, such as temporal and occipital areas (Ezekiel et al., 2013; Rubia et al., 2006) . It is well known from the developmental literature that children recruit additional, diffuse and/or different areas than adults to execute cognitive functions (Casey et al., 2005) . This finding can partially be explained by differences in the developmental trajectories of the subcomponents of executive functions, including mental flexibility (Anderson, 2002; Dajani & Uddin, 2015) . Furthermore, in childhood, the neuro-anatomical bases of cognitive processes are less distinguishable from each other as networks have not yet become specialized (Luna, Padmanabhan, & O'Hearn, 2010; Roebers & Kauer, 2009; Rubia et al., 2006 ). Brown et al.'s (2005) theory of "progressive neural scaffolding" proves useful in explaining how the neuroanatomical bases of cognition mature into their adult form. In early childhood, initial larger networks, consisting of lower-level brain areas, are engaged to carry out cognitive processes. As the brain matures, higher-level executive areas become more involved, lending top-down support, and taking on the role of coordinating the engagement of lower-level areas to execute distinct cognitive functions (Brown et al., 2005) .
The activity in the left TP, as well as in Broca's area hint at linguistic processes being recruited to complete the set-shifting task. Among other things, the TP has been linked to language function, more specifically semantic processing (Gainotti, 2015) . Abutalebi et al. (2007) propose that the region is important for linguistic integration when processing and listening to conversation (Abutalebi et al., 2007 ). As a higher-level cognitive area dedicated to language, it is possible that children recruit this region, together with Broca's area, as support when completing our task. Previous studies have demonstrated the potential use of fluid verbal strategies in children to complete novel non-verbal cognitive tasks (Bunge et al., 2002) . Following Bunge et al.'s (2002) description and explanation of a similar finding in their study, we propose that children may be mentally verbalizing the indicators "left" and "right" as they move through the trials, thereby aiding the planning of their responses. This is consistent with findings from previous developmental work on alternative cognitive strategies used by children (Anderson, 2002; Bunge et al., 2002; Chevalier, Huber, Wiebe, & Espy, 2013; Dajani & Uddin, 2015; Lucenet, Blaye, Chevalier, & Kray, 2014) . Furthermore, the TP matures earlier than executive areas in the prefrontal areas, further supporting this possibility (Gogtay et al., 2004) . The premotor areas, including the premotor cortex and the supplementary motor area (SMA), are known to be key in planning and coordinating behaviours, as well as playing a role in cognition (Picard & Strick, 2001) . While these areas have not been found to play a significant role during set-shifting in adults, they have been implicated in more complex mental flexibility tasks. found the pre-SMA/SMA to be integral for rule switching, and the vlPFC for rule representation in a complex mental flexibility test in adults . Their task was heavily reliant on working memory, cue-specific responses, as well as set-shifts. When they compared children's brain activity to adults' using the same task, they found that children recruited the pre-SMA/SMA for both rule representation, and rule switch conditions . Children, overall, seemed to recruit these areas more easily for varying aspects of mental flexibility. It is possible that, as seen with the likely use of verbal processing, children need to rely on the support of these earlier-maturing regions for easier tasks than adults Gogtay et al., 2004) .
Further, our finding of activity in the PCC is of interest, considering we found no activation in the ACC, an area which is considered a hub for set-shifting and mental flexibility (Dajani & Uddin, 2015) . The PCC plays a role in various functions, including monitoring of visual events, eye movements and memory, the latter presumably due to cingulohippocampal projections (Vogt, Finch, & Olson, 1992) . Research has shown that while functionally distinct, the ACC and PCC share strong reciprocal connections, and that likely their functional outputs are coordinated (Vogt et al., 1992) . Although the cingulate cortex matures faster than the higher-order association cortices (Sowell et al., 2003) , it is possible that the cingulate cortex in childhood does not show the functional specificity seen in adulthood between anterior and posterior regions. Rubia et al. (2006) also found increased activity in the PCC in children (10-17 yrs) compared to adults when completing an attentional set-shifting task. They referred to this finding as indicative of an immature activation pattern, and compensation for decreased activity in the classic mental flexibility areas, including the ACC (Rubia et al., 2006) . Our secondary finding involves the age-effect observed in the left SMG during set-shifting. We found that older children have a significantly shorter peak latency-time in the left SMG compared to younger children. The left SMG is part of the inferior parietal lobule, an Table 3 ). They confirmed the significant differences in brain activity between the Hard-Shift and Non-Shift trials, and provided more information on the nature of the waveforms as seen here. A: right middle frontal gyrus (R-BA 9); B: left inferior parietal lobule/supramarginal gyrus (L-BA 40); C: right insula; D: left temporal pole (L-BA 38); E: left precentral gyrus (L-BA 6); F: right posterior cingulate cortex (R-BA 31). area that is known to play a key role in mental flexibility (da Costa et al., 2015; Dajani & Uddin, 2015; Kim et al., 2012; Niendam et al., 2012; Oh et al., 2014) . The negative relation between peak latency and age implies that older children are able to recruit the posterior parietal regions faster and more effectively than younger children, a pattern seen in other developmental studies of executive functions (Bunge et al., 2002; Rubia et al., 2006) . This factor may help explain the decrease in reaction time with increasing age, as the children are more effectively able to exercise their mental flexibility skills.
Finally, while we initially also intended to look into differences associated with Easy/ID and Hard/ED-Shifts, our imaging data revealed little to no differences between conditions, despite there being a precedence for this in adults (Oh et al., 2014) . One potential explanation for this finding is that both conditions are equally taxing for children's cognitive processes, and that this difference only emerges with age, as the brain becomes more efficient and specialized when setting cognitive processes in motion. Other task-based studies investigating related executive cognitive functions have shown similar findings, with maximal brain activation for the "easy" condition, and little difference beyond as task difficulty increased (Casey et al., 2005; Rubia et al., 2006) . Despite not finding differences in our imaging data, the behavioural data revealed significant differences in accuracy across the three shift types. Furthermore, we found a significant interaction between age and shift type for accuracy scores, indicating younger children performed less accurately on the Hard-Shift trials than older children. These differences in performance across shift types were not seen in the reaction time data, where age was found to be a significant covariate, accounting for over 20% of the variance in the measure. Cumulatively, we interpret these behavioural findings to be indicative of the speed-accuracy trade-off, the phenomenon where one will forego accuracy to improve speed, and vice-versa. Children's reaction times decrease significantly with age, and, like adults, children aged six years and above are capable of finding a compromise between speed and accuracy when performing a motor task. Yet, reaching the optimal speed-accuracy balance continues maturing with age (Rival, Olivier, & Ceyte, 2003) . Considering this, it is possible that our behavioural results are reflective of a still-maturing speed-accuracy balance, where our participants forewent accuracy to maintain approximately the same reaction time across shift types.
In conclusion, this is the first normative developmental study of setshifting using MEG. Our findings extend prior fMRI findings in children and adults by characterizing the unique timing of activity and recruitment of additional resources required in childhood to adequately complete a mental flexibility task. These temporal data are a novel contribution to the field, and further aid in characterizing the developmental intricacies of this complex cognitive executive function. Of particular interest was our finding of greater reliance on the posterior parietal cortices in childhood mental flexibility. This finding supports previous theories of parietal regions playing an important role in the execution and support of executive functions, as the prefrontal regions continue to mature. This suggests that children use different and lowerlevel cognitive processes to accomplish the same task. As the parietal regions are a hub for attention and visuo-spatial encoding and memory, future research may explore whether children rely on these cognitive functions more for executive control during development. Continuing research in this domain is important, as it will allow us to have a thorough understanding of the neural processes supporting mental flexibility function in neurotypical children. This is important from a developmental perspective, but also lays the groundwork for studying mental flexibility in children with neurodevelopmental disorders, where disruptions in this cognitive ability are profound.
